Background: Treatment for Freiberg disease has been largely conservative despite availability of various operative options for severe or refractory cases. The aim of this study was to evaluate the long-term results of pediatric patients with symptomatic Freiberg disease treated with intra-articular dorsal wedge osteotomy. 
Introduction
, was the first to identify a medical condition that affected the second metatarsal head. 8 He reported a series of 6 patients complaining of mechanical pain over the second metatarsal region. 8 Further radiographic study revealed a sclerotic and flattened metatarsal head, described as an osteochondrosis of the metatarsal head, currently known as Freiberg disease. 2, 3 Although it is a relatively rare condition, it has been recognized as one of the most common osteochondrosis of the body. 20 It occurs typically during adolescence, affecting females most often (5:1). 5, 13 Although osteochondrosis can affect all metatarsal heads, 68% of cases relate to the second metatarsal head, whereas 27% occur in the third and 3% in the fourth. 2, 6 Bilateral involvement can be expected in 6.6% of patients. 2, 9, 25 One century after the first description of the disease, the etiology remains unclear. Multiple mechanisms have been proposed, but the multifactorial etiology resulting from a combination of trauma, impaired vascularity, genetic disorders, and/or altered biomechanics is the most accepted. 2, 6, 23, 25 Radiographic examination is suitable to identify metatarsal head changes along the course of the disease. This classification is the most popular and provides a guide to defining treatment options.
2,3
The primary treatment for Freiberg disease consists of conservative measures, such as activity restriction and the use of orthotics or casts. 24 When conservative treatment fails, operative treatment should be considered. Many operative procedures have been described, including resection arthroplasty, joint debridement, osteotomy and osteochondral transplant. Nonetheless, no consensus regarding which is the best operative approach has been reached to date. 2 Dorsal wedge or dorsiflexion osteotomy, described in 1979 by Gauthier and Elbaz, has shown good results regardless of the stage of the disease. 9, 15 The operative procedure includes a dorsal closing wedge osteotomy through the involved metatarsal head, excising the damaged joint cartilage and allowing the intact plantar cartilage to articulate with the proximal phalanx. Because this operative technique has been described, many authors have reported on the success of dorsal wedge osteotomies. 3, 7, 8, 14, 16, 20, 23 The current study aimed to evaluate the long-term results of pediatric patients with symptomatic Freiberg disease treated with intra-articular dorsal wedge osteotomy.
Methods
We retrospectively reviewed 23 pediatric patients with the diagnosis of Freiberg disease that were operatively treated by the technique described by Gauthier and Elbaz 9 in our institution between January 1982 and January 1999. From the total of 23 patients that met the inclusion criteria, 20 entered the study, whereas 3 patients were unable to be contacted. The patients' mean age at surgery was 15.2 (range 12-17) years, with a mean follow-up of 23.4 (range 15-32) years. The right foot was most commonly affected (14 patients) and no bilateral disease was verified. Radiographic assessment categorized 8 patients in stage II, 9 patients in stage III, and 3 patients in stage IV. The second metatarsal was involved in 17 patients, and the third in 3 ( Table 1) .
The operative technique was performed under regional or general anesthesia, and a tourniquet was used. A dorsal incision over the metatarsophalangeal joint was performed. The joint was debrided, and any loose bodies or hypertrophic synovium were removed. The lesion on the articular surface was excised, followed by a dorsal wedge osteotomy. The wedge size was directly related with the lesion size ( Figure 1 ). The metatarsal head was rotated dorsally and proximally. The length of the metatarsal was preserved as much as possible.
Internal fixation was performed with a figure-of-8 stainless steel wire loop. A posterior ankle splint was applied, which was discontinued at 6 weeks. Then the patients were instructed to use soft shoes and avoid strenuous activities for 8 weeks.
All patients failed conservative treatment defined by persistent pain after 6 months of treatment. Diagnosis was defined by clinical and radiographic assessment. Clinical outcomes were evaluated according to the American Orthopaedic Foot & Ankle Society (AOFAS) lesser toe metatarsophalangeal-interphalangeal scale, range of motion (ROM) of metatarsophalangeal (MTP) joint, and the patient's subjective satisfaction (poor, good, excellent). Complications were also recorded.
Patients were evaluated by radiographic assessment of degenerative joint status with anteroposterior and oblique foot x-ray.
Statistical analysis was performed with IBM SPSS Statistics 22.0 (IBM Corp, Armonk, NY). Spearman correlation test was performed to test the association between the AOFAS score and follow-up time and between Smillie classification and AOFAS final score.
Results
There were no complications observed such as infection, non-union, or malunion. The AOFAS mean score was 96.8 (range 91-100) points at the last clinical appointment (Figure 2 ). In the same clinical encounter, patients were asked to subjectively define their level of satisfaction with the procedure. All patients were satisfied with the final outcome of the procedure, with 16 (80%) reporting excellent results and 4 (20%) good results. A negative correlation was found between AOFAS score and time of follow-up (r's = −0.61, P < .001). Also, when assessing the relationship between Smillie classification and AOFAS final score, a strong negative correlation was found (r's = −0.88, P < .001).
Radiographic assessment demonstrated a good intraarticular space and metatarsal head coverage and contour. These findings are highlighted in Figures 3 to 5 . Preoperative imaging (A) is compared with postoperative imaging at time of surgery (B) and at follow-up evaluation (C).
Discussion
Since Freiberg described metatarsal head osteochondrosis, classification systems and treatment procedures have not been clearly established. 2 Classifications are usually based on vascular influence and radiographic degenerative changes. 22 Smillie's stages I and II are usually amenable to conservative measures for a period of at least 6 months. An operative approach should be reserved for stages III, IV, and V. 7, 14, 22 Despite the advent of new operative techniques, such as osteochondral plug transfer, arthroplasty or arthroscopic treatment, the ideal method to treat Freiberg disease remains unanswered. 5, 6, 11, 14, 16, 18, 19, 21 Dorsal closing-wedge osteotomy was first described by Gauthier and Elbaz in 1979 providing good results in 52 out of 53 patients. 9 After the first description of this operative technique, many authors reported clinical data supporting the success of dorsal wedge osteotomies. 1, 4, 10, 12, 17, 26 Lee et al in their study with 13 patients showed a mean AOFAS score of 92.2, and no complications. 16 Chao et al with a mean follow-up of 40 months in 13 patients reported no complications and 4 excellent results and 7 good results. 4 Capar et al published excellent results in 7 patients, good in 9 patients, poor in 3 patients, and no complications.
1 Nonetheless, there have been no longterm results to identify transfer metatarsalgia or other complications.
The present study reviewed the long-term outcome of dorsal closing wedge osteotomy performed in a pediatric population, providing valuable information on how effective this procedure can be for the treatment of Freiberg disease.
Our results demonstrated that patients were very satisfied (16 excellent, 4 good results) concerning postprocedure pain and quality of life at a mean follow-up time of 23.4 years. These good subjective results could be influenced by the initial intermediate degree of degenerative changes in our study population (85% in stage II and III). Nonetheless, the long-term follow-up provides evidence that results can be sustained for the long run.
The final AOFAS mean score was also very high 96.8/100, ranging from 91 to 100. Achieving such results for such a long period is a strong support of the operative procedure. There was a strong negative correlation between AOFAS score and time of follow-up, meaning we could expect some worsening over time. Also, the AOFAS final score correlated negatively with the initial Smillie stage. Nonetheless, final scores ranging from 91 to 100 points at 23.4 years clearly show that these findings are probably clinically negligible. In the present study, we had no complications such as non-union, infection, or transfer metatarsalgia.
The present study had some limitations, including the retrospective design and the small number of patients that entered the study. Still, the power of our very long follow-up time and the unique characteristics of the population are its strength. To our knowledge, this is the first study on operative treatment of Freiberg disease in a pediatric population and the first with such a long follow-up concerning the dorsal wedge osteotomy procedure described by Gauthier and Elbaz.
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